19 To meet their demand for food, Eurasian pygmy shrews (Sorex minutus) require large 20 territories, normally in fields, woodlands, and meadows. Their high metabolism and food 21 requirement often leads to high mortality during winter. However, evidence of shrews in 22 the roof voids of residential buildings has recently been observed, contrary to ecological 23 expectations. Here, five faecal samples collected from different locations were studied by 24 metagenomic analysis to gain information about the shrew's diets and environments. Two 25 of the samples were collected from novel indoor locations, while the other three were from 26 outdoors in 'traditional' habitats. Distinct differences were observed between the diets of 27 the two populations, suggesting a commensal niche expansion has occurred in S. minutus. 28 We found that S. minutus exploit man-made spaces for foraging, potentially at the cost of a 29 greater parasite burden. 30 31 Introduction 32 Five species of shrew are known to live in the British isles; the common shrew (Sorex 33 araneus), the Eurasian pygmy shrew (Sorex minutus), the water shrew (Neomys fodiens), the 34 lesser white-toothed shrew (Crocidura suaveolens) and the more recently discovered 35 greater white-toothed shrew (Crocidura russula) which was found in Ireland in 2007 [1, 2]. 36 Here we focus on the Eurasian pygmy shrew (S. minutus), which is the smallest British 37 mammal, measuring approximately 8cm from nose to tail and weighing between 2-5g [3]. 38 Despite their small size, shrews have a very high basal metabolic rate [4-6]. However, other 39 factors involving energy usage -such as thermal conductance and body temperature -3 40 which are also dependent on body mass [7] have been shown to be as expected given the 41 mass of an average shrew [6]. 42 43 This high basal metabolism rate requires huge dietary input, with Sorex species having to 44 eat the equivalent of their body mass every day [8]. Shrews, like the rest of the order 45 Eulipotyphla, are insectivores. They are opportunistic foragers and have been recorded to 46 eat a plethora of invertebrates including Isopoda, Chilopoda, Lumbricidae, Diptera, 47 Hymenoptera, Araneae, Mollusca, and more [3, 9]. The constant demand for energy means 48 that shrews have adopted a polyphasic circadian rhythm, with around ten active periods per 49 day separated by short rests [10, 11]. Activity periods occur during night and day to allow 50 maximum food intake and foraging time. The rest periods rarely, if ever, exceed two hours 51 to prevent starvation [12]. 52 53 Both the common and the pygmy shrew have large, well defended territories [13]. Although 54 the common shrew (S. araneus) is larger than the pygmy shrew (S. minutus), their territories 55 are on average smaller. Mean territory sizes have been reported as 1,058 m 2 for S. araneus 56 and 2,146 m 2 for S. minutus [14]. Whilst there are slight differences in habitat preferences 57 between different shrew species in the UK, in general they all require plant cover (provided 58 by smaller plants or trees), access to water and a plentiful supply of food [15]. These criteria 59 are fulfilled by several environments, such as meadows, fields and woodlands. Sorex species 60 (S. araneus and S. minutus) are generally solitary, however, territorial expansion of females 61 during breeding season allows social contact for reproduction [16, 17]. It is likely that this 62 territoriality has developed, in part, as a means of preventing competition for food amongst 63 individuals [13]. 4 64 65 Sorex shrews are not thought to hibernate during winter [13, 18, 19]. However, the 66 increasing cold and decreasing supply of prey [3] puts further pressure on individuals to 67 achieve enough energy input to maintain their high basal metabolism. Common adaptive 68 strategies seen in other small mammals, such as huddling [20], cannot be adopted by Sorex 69 shrews due to their territoriality, particularly in winter when little to no contact is observed 70 between individuals [21]. Several adaptations have developed in order to survive during the 71 winter, both behavioural and physiological [22]. Nests are used throughout the year, 72 allowing a reduction in thermogenic cost whenever the ambient temperature is lower than 73 approximately 24 °C, above which point the effects are negligible as thermoneutrality is 74 reached [18]. 75 76 Over the past 3 years we have retrieved evidence of Sorex species in residential building 77 roof void spaces whilst sampling for bat guano. Whilst previous observations have been 78 documented of urban occurrences of shrew [23, 24] this is not seen as common behaviour 79 and far removed from the common, natural habitats of woodland or grassland [15]. Both S.
7 135 confirmed by electrophoresis on a 2% agarose gel, clean-up was undertaken by adding 2 μl of 136 Fast-AP and 0.5 μl of Exonuclease-1, then incubating at 37°C for 30 mins, then 80°C for 15 137 mins. Forward primers (Table S2 .a) were used in a GATC LightRun TM Sanger sequencing 138 reaction. The sequences (Table S3 ) produced were BLAST searched against the nucleotide 139 database to determine the species [36] . 140 141 Library preparation was adapted from the protocol described in Meyer et al. [37] , with the 142 following adaptations described in [38] . 0.1 l of adapter mix used during adapter ligation, 143 spin column purification instead of SPRI (MinElute PCR purification, Qiagen), the purification 144 step after adapter fill-in replaced with heat inactivation for 20 minutes at 80 °C, and the use 145 of dual indexing. The protocol was also modified as follows: No fragmentation step, the 146 volume of the Blunt-end repair reaction was 40 l, the T4 DNA ligase was added to 147 individual sample tubes instead of the master mix during adapter ligation, Platinum Pfx was 148 used for indexing PCR. Index sequences were selected such that a there was a minimum 149 Hamming 12 distance of 3 between any given two of the forwards (5') and the reverse (3') 150 indexes. The indexes selected are shown in Table S4 .
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All stages of preparation before the indexing PCR were carried out in a dedicated DNA 153 laboratory that deals specifically with non-amplified samples to prevent contamination. A 154 2% agarose gel was then set up and run to confirm the presence of DNA in each of the 305 The aim of the project was to determine whether there were differences between the diets 306 of shrews for which faecal samples were found in 'traditional' habitats (i.e. in meadows, 307 woodlands or grassy gardens) and in 'novel' habitats (i.e. barns and residential buildings).
308 The purpose of this was to determine whether shrews which are being discovered indoors 309 are sheltering temporarily or are living in such locations more permanently. The data which 310 was obtained gave a highly useful indication as to the diet of each individual. While each 311 diet was unique, with different types of prey forming different proportions of the diets, 312 there were more similarities between the diets of the indoor shrews than with the outdoor 313 shrews and vice versa. This distinction between the diets of the indoor and outdoor shrews 314 suggests that those individuals depositing faeces inside may also be living and foraging more 315 permanently inside, and that the habitat selection has driven intraspecies dietary 316 specialisation within S. minutus. We also see that habitat selection may impact parasite 317 burden, with indoor individuals bearing a much greater proportion of parasite load.
318 319 Data availability statement 320 The datasets analysed for this study can be found in the European Nucleotide Archive under 321 the project code PRJEB35343. See supplementary Table S7 for sample accession codes.
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